Background: Albumin (Alb) is often administered for patients undergoing liver transplantation (LT). However, the current status of Alb use after LT is unclear. We examined the current status of postoperative Alb administration and factors associated with massive Alb use after LT. Methods: A total of 122 consecutive patients who underwent adult-to-adult LT between January 2013 and August 2017 were divided into 2 groups according to total amount of Alb used after LT: High group, Alb ≥ 1000 g; and Low group, Alb <1000 g. Characteristics of postoperative Alb use in living-donor LT (LDLT) and deceased donor LT (DDLT) were compared. Moreover, independent predictive factors for massive Alb administration after LDLT were analyzed. Results: The amount of postoperative Alb use did not differ between LDLT and DDLT. In the High group, days of Alb administration and maximum daily volume of ascites discharge were significantly higher, cases with preoperative ascites and/or pleural effusion were more frequent, incidences of cytomegalovirus infection and bacteremia were higher, and prothrombin time-international normalized ratio was longer compared with the Low group. Preoperative ascites and/or pleural effusion was an independent predictive factor before LT. Conclusion: Preoperative ascites and/or pleural effusion was a predictor of massive Alb use after LT.
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INTRODUCTION INTRODUCTION
Ascites is a major characteristic of patients with decompensated liver cirrhosis and is associated with poor prognosis (1) . With moderate to massive postoperative ascites retention, administration of serum albumin (Alb) is effective for reducing ascites via urination. Liver transplantation (LT) is a curative treatment for patients with end-stage liver diseases, including decompensated liver cirrhosis. However, patients who undergo LT sometimes experience moderate to massive postoperative ascites retention, although LT theoretically resolves the hyperdynamic status and hypoalbuminemia associated with decompensated liver cirrhosis. For such patients, Alb supplementation is necessary to reduce ascites and systemic edema.
Moreover, posttransplant hypoalbuminemia has a negative impact on kidney function and outcomes after LT (2,3). Ertmer et al. reported that continuous Alb infusion preserved cumulative organ function, particularly cardiovascular function, after LT (4) . Alb is thought to interact with the endothelial glycocalyx, a highly-hydrated fibrous meshwork of carbohydrates, which lines the luminal side of the vascular endothelium and plays an important role in vascular wall homeostasis (5) . The glycocalyx is easily damaged, with causes such as major surgery, decreasing vascular barrier function and causing protein extravasation, tissue edema, and accelerated inflammation. Preservation of a damaged glycocalyx therefore reflects future inflammatory and oxidative responses (6) . Decreases in circulating Alb follow the loss of glycocalyx, leading to increased fluid extravasation (7) . Stevens et al. revealed that Alb can assist in maintaining endothelial barrier function (8) . Alb is therefore considered indispensable for perioperative management after LT, because damage to the glycocalyx may be restricted by maintaining the concentration of Alb. On the other hand, reducing posttransplant Alb would be economically desirable. However, little is known about the current status of Alb use and predictors of high Alb use after LT.
The present study examined the current status of postoperative Alb administration in both living-donor LT (LDLT) and deceased-donor LT (DDLT) and risk factors of massive Alb use after LDLT.
PATIENTS AND METHODS PATIENTS AND METHODS
Patients
Between January 2013 and August 2017, a total of 122 consecutive patients who underwent adult-toadult LT, including 103 LDLTs and 19 DDLTs, at Kyoto University Hospital were enrolled to this retrospective study. This study (R1473-1) was approved by the ethics committee at Kyoto University, and conducted in accordance with the Declaration of Helsinki of 2000.
Surgical procedures and perioperative management
Surgical techniques for both donors and recipients are described elsewhere (9, 10) . Perioperative management is also described elsewhere (11, 12) .
Assessment of body composition
Preoperative plain computed tomography (CT) was performed by a multidetector CT scanner (Aquilion 64; Toshiba Medical Systems, Tochigi, Japan). The details about skeletal muscle mass index (SMI) are described elsewhere (11) . Quality of skeletal muscle was evaluated by intramuscular adipose tissue content (IMAC), calculated by dividing the CT value of the multifidus muscles by the CT value for subcutaneous fat at the L3 level. Visceral adiposity was evaluated as the visceral-to-subcutaneous adipose tissue area ratio (VSR). Visceral and subcutaneous adipose tissue areas were calculated as areas of -150 to -50 HU and -190 to -30 HU, respectively. Optimal cut-offs for SMI, IMAC, and VSR for males and females were determined separately based on data from a large number of healthy LDLT donors (13, 14) .
Analyzed parameters
First, we compared characteristics of postoperative Alb use between LDLT and DDLT. Next, patients were divided into 2 groups according to the total amount of Alb administration after LT: High group, Alb ≥1000 g; and Low group, Alb <1000 g. The following were made comparison between 2 groups: age, gender, underlying liver disease, Child-Pugh classification, model for endstage liver disease (MELD) score, ABO incompatibility, retransplantation, presence of preoperative ascites and/or pleural effusion, preoperative massive ascites and/or pleural effusion, body composition (SMI, IMAC, VSR), surgical data such as graft type, graft-to-recipient body weight ratio (GRWR), operation time, blood loss, warm ischemic time (WIT), cold ischemic time (CIT), serum levels on postoperative day (POD) 7 for white blood cells (WBC), platelets, C-reactive protein (CRP), prothrombin time-international normalized ratio (PT-INR), aspartate transaminase (AST), alanine aminotransferase (ALT), total bilirubin (T-Bil), Alb, and creatinine (Cre), the maximum daily volume of ascites, postoperative date of the maximum daily volume of ascites, duration of Alb administration, maximum daily dose of Alb, period of stay in the intensive care unit (ICU), incidence of re-operation, acute cellular rejection, bacteremia, and cytomegalovirus (CMV) infection. The isolation of bacteria related with signs of infection or clinical symptoms (e.g., fever >38°C) other than common skin contaminants within 90 days after transplantation was defined as bacteremia. Moreover, independent predictive factors of massive Alb administration after LDLT were analyzed.
Statistical analysis
Continuous data are presented as medians with ranges. Patient characteristics were compared between groups with the Fisher's exact test or χ 2 test for categorical variables, and the Mann-Whitney U test or t-test for continuous variables. A p value of <0.05 or with p <0.10 in univariate analysis was considered candidates for multivariate analysis using multiple logistic regression modeling. Values of P <0.05 were regarded statistically significant. All statistical data were generated using JMP Pro version 12 software (SAS Institute, Cary, NC).
RESULTS RESULTS
Duration of Alb administration, total dose of Alb administration, and maximum daily dose of Alb administration did not differ significantly between LDLT and DDLT (table 1) .
Clinical and surgical characteristics of LDLT patients according to total Alb administration dose are shown in table 2. Among the preoperative data, existence of ascites and/or pleural effusion was significantly more frequent in the High group than in the Low group (P=0.007). Postoperative serum level for PT-INR, Alb, and Cre were significantly longer, lower, and higher in the High group than in the Low group (P=0.005, P= 0.025, and P <0.001, respectively). In the High group, duration of Alb administration and period of ICU stay were significantly longer (P<0.001 each), maximum amount of Alb administration and daily ascites discharge were significantly higher (P <0.001 each), and postoperative date of the maximum daily volume of ascites was significantly later (P <0.001) compared with the Low group. There was significant higher frequency of post-transplant CMV infection in the High group than in the Low group (P = 0.005).
Finally, we explored predictive factors of high Alb administration. Univariate analysis identified preoperative ascites and/or pleural effusion, longer PT-INR, higher serum level of Cre, lower serum levels of AST and Alb, massive amount of ascites, late postoperative date of the maximum daily volume of ascites, longer ICU stay, and CMV infection as significant (P <0.05 each) predictive factors for massive Alb administration ( 
DISCUSSION DISCUSSION
This retrospective study, as far as we know, provides the first examination of the actual status of postoperative Alb administration and clarified clinical characteristics for massive Alb use after LT. We showed that there were no significant differences between patients who underwent LDLT and DDLT regarding postoperative Alb administration. Interestingly, this finding indicates that graft liver volume is unrelated to postoperative Alb administration. We also confirmed that preoperative ascites and/or pleural effusion, ascites discharge peaking more than 10 days postoperatively together with ICU stay for >2 weeks and PT-INR ≥1.23 at POD 7 were closely related to postoperative administration of a large amount of Alb. Among them, preoperative ascites and/or pleural effusion was a predictor of massive Alb use after LT, since it only was a factor before LT. In contrast, the other 3 factors would reflect massive and persistent ascites discharge after LT.
The representative function of Alb is to maintain colloid osmotic pressure (15) . Moreover, Alb binds to endocrine or exocrine products, drugs and their metabolites, by which Alb exerts important anti-oxidant, anti-inflammatory, anti-coagulant, and immune effects in the human body (14) . However, patients with decompensated cirrhosis usually show quantitative hypoalbuminemia accompanied by a decreased capacity for Alb production and increased Alb leakage toward the intraperitoneal cavity. In addition, qualitative 24 Surgery, Gastroenterology and Oncology, 24 (1), 2019 Alb -albumin, ALT -alanine aminotransferase, AST -aspartate transaminase, CMV -cytomegalovirus, Cre -creatinine; CRP -C reactive protein, GRWR -graft/recipient body weight ratio, ICU -intensive care unit, IMAC -intramuscular adipose tissue content, LDLT -living donor liver transplantation, MELD -model for end-stage liver disease, POD -postoperative day, PT-INR -prothrombin time-international normalized ratio, SMI -skeletal muscle mass index, T-Bil -total bilirubin, VFA -visceral fat area, VSR -visceral to subctaneous adipose tissue area ratio, WBC -white blood cell 1.000 Alb -albumin; ALT -alanine aminotransferase; AST -aspartate transaminase; BMI -body mass index; CMV -cytomegalovirus; Cre -creatinine; CRP -c reactive protein; GRWR -graft/recipient body weight ratio; ICU -intensive care unit; IMAC -intramuscular adipose tissue content; MELD -model for end-stage liver disease; PT-INR -prothrombin time-international normalized ratio; SMI -skeletal muscle mass index; T-Bil -total bilirubin; VFA -visceral fat area; VSR -visceral to subctaneous adipose tissue area ratio; WBC -white blood cell healthy donor, providing a sign of delayed graft function (18) . Even if the patient received a healthy liver, factors such as operation time, blood loss, CIT, WIT, MELD score, GRWR, and preoperative body composition might affect postoperative status. Moreover, a preoperatively impaired general condition of the patient undergoing LT would make it difficult to recover liver function early enough to maintain Alb concentration, especially in LDLT.
In the present study, preoperative ascites and/or pleural effusion was an independent predictor of massive Alb use after LT. Among the independent risk factors for massive Alb use, this was the only preoperative factor, and may thus provide a useful predictor in clinical settings. Some investigators have reported the significance of preoperative pleural effusion and/or ascites (19) (20) (21) . We showed massive pleural effusion or ascites as an independent risk factor for poor posttransplant outcome or bacteremia (19, 20) . Laici et al. also investigated whether preoperative ascites, preoperative chronic obstructive pulmonary disease, malnutrition, encephalopathy, and early re-transplantation were significantly associated with post-LT infection (21) . In the present study, the incidence of bacteremia was higher in the High group than in the Low group, although no significant difference was apparent. From the perspective of preventing postoperative massive Alb use and bacteremia, candidates for LT should optimally register for DDLT and undergo LT before ascites and/or pleural effusion develop.
The costs for posttransplant Alb use need to be discussed. Continuous or intermittent drainage of ascites or pleural effusion after LT is sometimes necessary when patients have abdominal distension or dyspnea. As recommended by the European Association for the Study of the Liver (22) , use of Alb with repeated large-volume paracentesis is thought to be necessary for volume replacement and improvement of graft function. However, persistent Alb administration is expensive. In Japan, overuse of Alb cannot be fully covered, although the national health insurance system covers some of the costs of Alb use. Considering the increasing constraints on medical finance, alternative methods for ascites drainage and Alb supplementation are needed. Cell-free and Concentrated Ascites Reinfusion Therapy (CART) has recently been performed for some cirrhotic patients with intractable massive ascites. CART offers some advantages over albumin administration (23) . CART can reduce the need for Alb supplementation. This is because components of drainage fluid other than albumin, such as globulins and other factors, might effectively benefit the course of perioperative patients, and CART can prevent loss of such beneficial components (24) . Moreover, preoperative use of CART could promote the activity of patients waiting for LT, helping to prevent progression to severe Naoko Kamo et al Table 4 -Multivariate analysis of factorsof high Alb administration (continuation) sarcopenia. As CART is now a safe and effective method, we are going to introduce CART to reduce Alb use before and after LT in the near future.
In this study, surprisingly, the comparison of facets of Alb use such as duration of Alb administration, total dose of Alb administered, and maximum daily dose of Alb administered showed no significant differences between patients who underwent LDLT and DDLT. The finding that GRWR did not differ between High and Low groups in LDLT suggests that graft size itself might not affect the need for Alb supplementation. However, DDLT can offer large liver volume to the recipient, theoretically allowing earlier recovery of liver function and less ascites retention compared with LDLT. In the present study, median values for duration and total dose of Alb administered to the DDLT group seemed shorter and smaller than in the LDLT group. As the number of DDLTs performed is small, further investigations with larger sample sizes are needed to confirm the present findings.
There are some limitations to this retrospective study. First, the present investigation was a single-center study. Although our center is the largest LT center in Japan, a nationwide study is also needed to verify the findings from this single facility. Second, this study was retrospective in design. A prospective study will be needed to validate the findings of this study. Third, the number of DDLT patients remains relatively small.
CONCLUSION CONCLUSION
In conclusion, preoperative ascites and/or pleural effusion, ICU stay >2 weeks, PT-INR ≥1.23 at POD 7, and maximum daily ascites volume occurring ≥10 days postoperatively were closely related to high postoperative use of Alb, and preoperative ascites and/or pleural effusion was a predictor of massive Alb use after LDLT. For these cases, CART might offer a new therapeutic alternative to reduce Alb use after LT.
